
UNCLASSIFIED

AD NUMBER

ADB166906

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUL 1992.
Other requests shall be referred to
Aviation Applied Technology Directorate,
U,S. Army Aviation Systems Command, Fort
Eustis, VA 23604-5577.

AUTHORITY

27 Mar 1995, Ft Eustis memo

THIS PAGE IS UNCLASSIFIED



I4-, rji

USAAVSCOM TR 92-D-10 A

AD-B 166 906 A 01H."i i ! •: • " :•US ARMY,, I; I-, l H us 1 i 1 ,T
liii~ Jil ~lii ~iAVIATION SYSTEMS COMMAND

HELICOPTER AIR-TO-AIR COMBAT TEST IV (AACT IV)

MANEUVERABILITY ANALYSIS

G. Thomas White and Donald A. Skrinjorich

July 1992

DTiC
9%ELEC'TE

SEP 0 41992

A
Distribution authorized to U.S. Government agencies and their contractors,
Administrative/Operational, July 1992. Other requests for this document
shall be referred to the Aviation Applied Technology Directorate, U.S.
Army Aviation Systems Command, Fort Eustis, VA 23604-5577.

9g2.24549

AVIATION APPLIED TECHNOLOGY DIRECTORATE
US ARMY AVIATION SYSTEMS COMMAND
FORT EUSTIS, VA 23604-5577



Trade names cited in this report do not constitute an official endorsement or approval of
the use of such commercial hardware or software.

=-RUCTION NOTICE

For classified documents, follow the procedures in DOD 5200.22-M, Industrial Security Manual, Section 11-19 or DOD
5200.1.R, Informsti," Security Prograni Regulation, Crhtter IX. For unclassified, limited documents, destroy by any
mnthod that will prevent dieclosure of contents or reconstruction of the document.



REPORT DOCUMENTATION PAGE OM o A070.4018

O."JI( 'eocnrt." ojra' 'or t?' i olIecd.of of 'rio"..i?.A -s estnmattd -hýi.e. soe -Cul t~r -ew-tW~if fCud,' 9 tpe!.ffe lot 'ftn w'no .nstruil'ons, Watchng eltq'nq deta ¶ourCf.
94wt"Nq and ma.rtlalý'nq th~e 041* needed. Sn4 0cewvetl~ ad't..4m 'tp ecI'~*'.. of .nf':m-tior. Sendo omnents regarding this burden estimate or 4An otr.~ a1.oe of this
coleci~on of InftmrYatloft. includin~g suqgtst'o"' for ledu'Nq this ourdeft -0 q~en~tn~eJ OtJafler, Sfr'.es. O "VCT(.ate for InoflfMt,0f, Ooel'0130AS and AfCII. 12 15 leflenCl,

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE j3. RE PORT TYPE AND DATES COVERED
July_1992 IFinal _______________

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Helicopter Air-to-Air iooibat Test IV (MACI IV) Maneuverability
Analysis

[6. AUTHCIS
G. homas V!hi ýe and Dc ..ald A. Skrinjorich

7. PEs.FORMING ORCANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

Aviation Appliod TeCh'aiolgy Directorate
.. S. Army Aviaý!.n Systems Commnand

FortE~isis.VA 2604-577USAAVSCOM TR 92-D-10

s; SPONSORING I MONITORING AGENCY NAME(S) AND ADORESS(ES) 10. SPONSORING I& ,ONITORING
AGENCY REPOR *NUMBER

11. SUPPL.EMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Distribution authorized to U.S. %,vernment agencies and their contractors.,
Administrative/Op~erational, July -992. Other requests for thiis document
shall be referred to che Aviation Applied Technology Directorate, U.S.
Army Aviation Systems Cowimand, Fort Eustis, VA 23604-5577.

13. ABSTRACT (Maximum 200 wOrri)Thi s report presents the data and findings from the AACT IV flight test
program sponsored by AATD. One-on-one air-to-air comibat tests of the AM-IS Cobra, AH-64A Apache, SA-
365N-1 Dauphin, and 406 Combat Scout helicopters were conducted for maneuverability and agility effective-
ness. The tests were flown at the Naval Air Test Center (NATC), Patuxent River, Maryland, from 22 March
to "0 April 1987. Flights performed totaled 18, with 22 hours of productive flight time. Total NATC on-
site flight time was approximately 87 hours, including instrumentation check flights, maintenance
flights, one-on-one familiarization flights, and data flights. The performance of the aircraft involved
in AACT IV and analysis of their contributions in an air-to-air environment are discussed. Air vehicle
subsystems and other vehicle flight test configuration initiatives used in AACT IV are also described.
The AACT IV general findings include: (1) cockpit field of view should be unobstructed and as extensive
as possible; (2) time to turn should be minimized for best air combat maneuvering (ACM) performance;
(3) high specific excess power at mission weight is necessary for increased maneuverability; (4) the
ilot should be given full ACM potential without constant attention to envelope limits; (5) turreted
eapons provide added kill probability but do not mitigate maneuverability, and-(6) the performance
haracteristics of teetering rotor systems during ACM are not conducive to the close-range air~to-air
Invironment. A major shortcoming of the test program was the lack of consistent laser weapon simulator
ballistic hit/miss and aiming error quartitative data,____________
14. SUBJECT TERMS 15. NUMBER OF PAGES

Maneuverability, Agility, Helicopter, Flight Test, Air-to-Air, Combat Test, 284
Air Combat Maneuver 16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19, SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIEDII

NSN 7540-01-280-5500 Stan~dard Forrm 298 (R~ev 2.89)
Pr.-ribed by ANSI Sid .1



PREFACE

The work reported herein was managed by the U.S. Army Aviation Applied Technology
Directorate (AATD), Fort Eustis, Virginia, and covers testing activity during April 1987.
The series of air-to-air combat tests (AACT I, II, III, and IV) composes the flight test
element of AATD's Helicopter Maneuverability Program, which also includes both
analysis and simulation elements. This maneuverability program, begun in 1983, was
conceived by Mr. Duane R. Simon, who provided technical direction until his retirement
from AATD in 1988.

LTC Waldo Carmona of AATD made major contributions to this report by consolidating
the AACT pilot observations and reviewing the report's technical content. Mr. Ron
Bowman provided the extensive still photographic records contained herein as well as
video reports of the entire AACT IV activity. Mr. Tommy Wiggins assisted in the
preparation of several appendixes presented in the report.

In addition, the following AATD personnel are commended for their outstanding
contributions in the preparation of the AH-1S Cobra and the SA-365N-1 Dauphin, as well
as their technical support "iuring AACT IV:

Stan Aiton Steve Morgan
Bob Bessette Norris Paxson Accesion For
Ron Bott Frank Reisbeck
Terry Coffelt Gary Webb NTIS CRA&I -
Wayne Foster Al Whiting DLrIC lAB
John Hayth Al Williamson Unanotiicadi0

Jusfification

By
.. ...........................o...

DJst:jb:Itio. /

Availability Codes

Dist Sp1cial

•" '" -T T~ ~' 74 .. :" '



TABLE OF CONTENTS

Page

PREFACE ............. ...................................... ............................................ iii

LIST OF FIGURES ........................................................................................ viii

LIST OF TABLES................................................................... xvi

INTRODUCTION ........................................................................................ 1

BACKGROUND ......................................................................................... 1

TEST OBJECTIVE ................................................................................... 4

DESCRIPTION OF TEST AIRCRAFT ............................................................ . 5

ACM TESTING ............................................................................................. 7

SCOPE ................................................................................................... 7

M ETH OD ............................................................................................... 8

DISCUSSION OF TEST RESULTS ................................................................ 12

GENERAL ................................................................................................ 12

TEST M ETHODOLOGY ........................................................................... 13

AIRCRAFT PERFORM ANCE ISSUES ........................................................ s1

Handling Qualities ............................................................................... 16

M aneuverability .................................................................................... 19

Dynamics ............................................................................................. 26

Field of View ......................................................................................... 30

W eaponization ...................................................................................... 31

v



TABLE OF CONTENTS (Continued)

Page

PILOT OBSERVATIONS ................................................................................ 37

GENERAL ............... ...................................................................... 37

AIRCRAFT DESIGN ................................................................................... 37

WEAPONIZATION .................................................................................... 40

TACTICS ......................................................................................... 41

HUMAN FACTORS.................................................................................... . 43

CONCLUSIONS....................................................................... 44

G EN ERAL ................................................................................................. 44

SHORTCOMINGS ...................................................................................... 47

RECOMMENDATIONS .................................................................................. 49

REFEREN CES ................................................................................................ 189

APPENDIXES

A. AIRCRAFT CONFIGURATION ELEMENTS .......................................... 191

B. PARTICIPANTS ................................................................................... 248

C. RULES OF ENGAGEMENT .................................................................. 250

D. AH-1S (JAH-1iF) SAFETY PRECAUTIONS/OPERATING
LIM ITATIO N S ..................................................................................... 252

E. AH-64A SAFETY PRECAUTIONS/OPERATING LIMITATIONS ............ 255

F. SA-365N-1 SAFETY PRECAUTIONS/OPERATING LIMITATIONS ....... 258

G. 406 CS SAFETY PRECAUTIONS/OPERATING LIMITATIONS ............ 261

vi



TABLE OF CONTENTS (Continued)

Pg~e

H. DATAMAP INSTRUMENTATION PARAMETERS ................................. 266

I. DESCRIPTIONS OF MANEUVER INITIAL CONDITIONS ...................... 274

J. AACT IV FLIGHT ENGAGEMENT DATA MANAGEMENT

NOM ENCLATURE ................................................................................ 277

K. EQUATIO N S ........................................................................................ 279

BIBLIO GRAPHY ............................................................................................. 280

LIST OF ACRONYMS, ABBREVIATIONS, AND SYMBOLS ............................. 281

vii



LIST OF FIGURES

Figure Page

1 NATC tracking sites and support facilities .................................... 58

2 Principal dimensions of the AH-1S (JAH-1F) ............................... 59

3 AH-1S (JAH-1F) Cobra .................................................................. 60

4 Principal dimensions of the AH-64A ............................................. 61

5 AH-64A Apache ............................................................................. 62

6 Principal dimensions of the SA-365N-1 ........................................ 63

7 SA-365N-1 Dauphin...................................................................... 64

8 Principal dimensions of the Bell 406 CS ..................................... 65

9 406 Combat Scout ................................... 66

10 AACT data collection network ...................................................... 67

11 AH-64A Apache vs 406 Combat Scout ......................................... 68

12 Ai-64A Apache vs SA-365N-1 Dauphin ........................................ 69

13 SA-365N-1 Dauphin vs AH-1S Cobra ........................................... 70

14 SA-365N-1 Dauphin vs 406 Combat Scout .................................. 71

15 SA-365N-1 pedal position vs airspeed .......................................... 72

16 Yaw rate histograms - fixed and turreted gun modes .................... 73

17 Angle-of-sight to bogey - fixed gun ............................................... 74

18 Turret window angle-of-sight to bogey ........................................ 75

19 Side/forward firing comparison of train errors vs range .............. 76

20 Sideslip angle vs airspeed ............................................................. 77

viii



LIST OF FIGURES (Continued)

Figure Page

21 Time to turn on target - 80-knot steady turn ............................... 81

22 Head-to-head engagement time histories - AH-64A
vs SA-365N-1 ............................................................................... 82

23 Head-to-head engagement time histories - AH-64A
vs AH -1S ...................................................................................... 90

24 Acceleration/deceleration pitch attitude vs airspeed
for SA-365N-1 ............................................................................... 98

25 Acceleration/deceleration pitch attitude vs airspeed
for AH-64A .................................................................................... 99

26 Transient turn rate vs airspeed ...................................................... 100

27 Steady turn rate vs airspeed .......................................................... 100

28 Turn radius vs airspeed ................................................................. 101

29 Time to accelerate ......................................................................... 101

30 Acceleration capability ................................................................... 102

31 Climb performance ........................................................................ 102

32 Three-dimensional flight path - AH-64A vs SA-365N-1 ................. 103

33 Three-dimensional flight path - SA-365N-1 vs AH-64A ................. 104

34 True airspeed histograms - fixed and turreted gun modes ............. 105

35 Pitch attitude histograms - fixed and turreted gun modes, ............ 106

36 Roll attitude histograms - fixed and turreted gun modes ............... 107

37 Pitch rate histograms - fixed and turreted gun modes ................... 108

38 Roll rate histograms - fixed and turreted gun modes ..................... 109

ix



LIST OF FIGURES (Continued)

Figure Page

39 Engine torque histograms - fixed and turreted gun modes ............ 110

40 Load factor histograms - fixed and turreted gun modes ................ 111

41 Recommended load factor diagram ............................................... 112

42 AH-1S Cobra flapping histogram ................................................... 113

43 ACM load factor vs airspeed data ex-.ursion envelopes ................. 114

44 AH-IS rotor speed vs load factor data excursions ......................... 116

45 AH-1S engine torque vs airspeed data excursions ......................... 116

46 Minimum recommended sideslip requirements .............................. 117

47 AH-64A tail rotor fork torque ....................................................... 118

48 AH-64A tail rotor gearbox quill shaft torque ................................ 118

49 AH-64A fuselage tail boom skin torsion .................... 119

50 AH-64A fuselage tail boom s;tringer vertical bending .................... 119

51 AH-64A load factor vs airspeed data excursions during
structural exceedance engagements ............................................... 120

52 AH-64A sideslip angle vs airspeed data excursions during
structural exceedance engagements ............................................... 121

53 AH-64A state parameter time histories during tail rotor
fork fatigue dam age ....................................................................... 122

54 AH-64A state parameter time histories during tail rotor
gearbox quill shaft fatigue damage ................................................ 133

55 AH-64A state parameter time histories during fuselage tail
boom skin fatigue dam age ............................................................. 145

x



LIST OF FIGURES (Continued)

Figzure Page

56 AH-64A state parameter time histories during fuselage tail
boom stringer fatigue damage ....................................................... 157

57 AH-1S overtorque time history (engagement 419009) ................. 168

58 AH-IS flight controls activity (workload) during incipient
overtorque condition (engagement 412008) ................................ 169

59 AH-1S flight controls activity (workload) during incipient
overtorque condition (engagement 412010) ................................. 171

60 SA-365N-1 "jack stall" time history ............................................... 173

61 AH-64A cockpit field of view from pilot's station .......................... 177

62 AH-1S cockpit field of view from pilot's station ............................ 178

63 OH-58D cockpit field of view from pilot's station ......................... 179

64 Aviator helmets - Army SPH-4, Apache IHADSS, and
Air Force H GU-55/P ...................................................................... 180

65 Line-of-sight firing opportunities - fixed qnd turreted gun
m odes ........................................................................................... 18 1

66 Line-of-sight firing opportunities - fixed gun mode ...................... 181

67 Apache-to-bogey turret window angle-of-sight histograms ........... 182

68 Cobra-to-bogey turret window angle-of-sight histograms ..... ..... 183

69 AH-64A and AH-IS load factor vs azimuth angle-of-sight
firing opportunities ......................................................................... 184

70 AH-64A and AH-iS turreted firing opportunity load factor
histogram s .................................................................................... 185

71 Crossing rates as a function of range to bogey - AH-64A
vs SA -365N -1 ................................................................................ 186

xi



LIST OF FIGURES (Continued)

Figure Page

72 Re-creating AACT IV flight trajectories in ALES ............................ 187

73 Maneuver trajectories for same initial conditions in both
IHADSS and TADS tracking modes ............................................... 188

A-i DX-175 laser weapons simulator mounted on Cobra turret .......... 198

A-2 DX-175 laser weapons simulator mounted on left side of
D auphin ....................................................................................... 199

A-3 DX- 175 laser weapons simulator mounted on 406 CS turret ........ 200

A-4 BT-53 laser weapons simulator mounted on Apache turret ........... 201

A-5 Laser optical reflector on AH-1S ................................................... 202

A-6 Laser optical reflector on SA-365N-1 ............................................ 203

A-7 Laser optical reflector on 406 CS .................................................. 204

A-8 Laser optical reflector on AH-64A ................................................. 205

A-9 Polhemus electromagnetic helmet-mounted sight (AU-1S) ............ 206

A-10 Helmet-mounted sight as employed in AH-1S (emitter unit
bonded to canopy) ........................................................................ 207

A-1 1 Heads-up display mounted above pilot station of
SA -365N -1 .................................................................................... 208

A-12 Heads-up display mounted above pilot station of
40 6 C S ............................................................................ ............ 2 09

A-13 Laser weapons simulator, AH-1S turret assembly ......................... 210

A-14 Laser weapons simulator, AH-64A turret assembly ....................... 211

A-15 Laser weapons simulator, 406 CS turret assembly ........................ 212

xii



LIST OF FIGURES (Continued)

Figure Page

A-16 Air-to-air Stinger missile captive flight trainer mounted

to 406 CS .................................................................................... 213

A-17 AH-1S instrumentation package (right side) ................................. 214

A-18 AH-.S instrumentation package in ammo bay
(left side) ...................................................................................... 2 15

A-19 AP-1S instrumentation in modified ammo bay door
(r.'ght side) .................................................................................... 2 16

A-20 AH-1S instrumentation in modified ammo bay door
(left side) ...................................................................................... 2 17

A-21 AH-64A instrumentation ............................................................... 218

A-22 SA-365N-1 instrumentation package ............................................. 223

A-23 406 CS instrumentation package (right side) ................................ 224

A-24 406 CS instrumentation package (left side) .................................. 225

A-25 406 CS instrumentation (aft) ........................................................ 226

A-26 AH-12 pilot instrument panel ........................................................ 227

A-27 AH-1S Lopilot/gunner instrument panel ....................................... 228

A 28 Al-IiS turret video monitor in copilot station ............................... 229

A-29 AH-64A pilot instrument panel ..................................................... 230

A-30 AI-l-64A copilot/gunner instrument panel ..................................... 231

A-3i SA-365N-1 pilot/copilot instrument panel .................................... 232

A-32 q06 CS pilot/copilot instrument panel .......................................... 233

A-33 AH-IS main rotor slip ring assembly ............................................ 234

xiii



LIST OF FIGURES (Continued)

Figure Pr

A-34 SA-365N-1 main rotor slip ring assembly
(at base of transmission) ............................................................... 235

A-35 AH-64A main rotor slip ring assembly .......................................... 236

A-36 406 CS main rotor slip ring assembly ........................................... 237

A-37 AH-1S modified ammo bay door ................................................... 238

A-38 AH-1S modified ammo bay door (interior cavity) ......................... 239

A-39 SA-365N-. "..aI,'st container (forward cabin floor) ....................... 240

A-40 SA-365N-1 ballast container (aft cargo floor) ............................... 241

A-41 SA-365N-1 air data boom ............................................................. 242

A-42 406 CS air data boom ................................................................... 243

A-43 AH-1S air data boom .................................................................... 244

A-44 AHl-1S collective stick shaker ........................................................ 245

A-45 AH-1S main rotor hub spring ........................................................ 246

A-46 SA-365N-1 Fenestron .................................................................... 247

D-1 AH-1S V-n envelope ...................................................................... 254

D-2 AH-1S sideslip limits ..................................................................... 254

E-l AH-64A longitudinal center of gravity range and limits ................ 256

E-2 AH-64A lateral center of gravity range and limits ......................... 256

E-3 AH-64A V-n diagram with load survey test points ........................ 257

E-4 AH-64A sideslip limits ................................................................... 257

xiv



LIST OF FIGURES (Continued)

Figure Page

F-I Aerospatiale SA-365N-1 V-n diagram ............................................ 260

F-2 Aerospatiale SA-365N-1 sideslip envelope ..................................... 260

G-1 406 CS airspeed operating limits ......................... 263

G-2 406 CS nose-up pitch rate vs pitch attitude limitations ................ 263

G-3 406 CS nose-down pitch rate vs pitch attitude limitations ............ 264

G-4 406 CS roll rate vs roll attitude limitations ................................... 264

G-5 406 CS maneuver load factor envelope ........................................ 265

G-6 406 CS sideslip lim its ................................................................... 265



LIST OF TABLES

Table Eae

1 AACT IV flight summary .................................................... 51

2 AACT IV flight configurations ............................................. 51

, AACT WV flight sequence .................................................... 54

4 AACT IV aircraft flight weights ........................................... 55

5 Thst aircraft iesign characteristics ...................................... 55

6 Derived parameters ............................................................. 56

7 A \CT IV pilots .................................................................... 57

xvi



INTRODUCTION

BACKGROUND

In response to the ever-increasing threat of armed helicopters, the U.S. Army initiated
a counter-air program to elevate the Army's preparedness in the air-to-air environment.
Tactical training of pilots in helicopter air-to-air combat was instituted as per FM 1-107,
Air-nt-Air Cornbqt' The assessment of current helicopter air combat capabilities through
the Air-to-Air Combat (ATAC) testing (Directorate for Combat Developments, Fort
Rucker), the Air-to-Air Combat Tests (AACI') (Aviation Applied Technology Directorate
(AVSCOM), Fort Eustis), and the Helicopter Air Combat (HAG) simulation
(Aeroflightdynamics Directorate (AVSCOM), NASA Ames Research Center) is ongoing.
Multidisciplined research and deveiopment investigations are also urderway to provide
current and future rotorcraft with the weapons, sensors, and airframe performance
capabilities necessary to engage and survive in air-to-air combat.

Aircraft combat survivability can be divided into two categories: vulnerability and
susceptibility.2 Vulnerability refers to the inability of an aircraft to withstand serious
damage or destruction when hit by enemy fire. Susceptibility refers to the inability of
an aircraft to avoid being damaged in the pursuit of its mission, that is, to its probability
of being hit. The level or degree of susceptibility of an aircraft in a given encounter with
a threat is dependent upon three major factors: the scenario, the threat, and the aircraft.
Since the specific scenario and threat cannot be predesignated in any real-world
situation, the susceptibility can only be quantitatively affected prior to an engagement
by the alteration of aircraft design characteristics. The important factors associated with
the aircraft tself, excluding its weapon suite, include aircraft observables or detectable
signatures, any countermeasures used, self-protection armament, and the aircraft
performance (i.e., maneuverability and agility (M&A) capabilities).

All of the concepts for susceptibility reduction except some aspects of signature reduction
and tactics involve some piece of equipment, device, or armament that is carried either
by the aircraft for self-protection or by another special-purpose aircraft in a support role.
One element in the probability of hit (ph) equation--the probability of detection,
identification, and tracking--can be reduced by tactics that employ either terrain masking
or evasive maneuvering. Inherent aircraft capability in terms of M&A is the chief
contributor to the offensive or the defensive tactics that can be effectively employed to
reduce susceptibility.

In an air-to-air engagement or a low altitude interdiction mission, the helicopter is
exposed to a threat scenario which may defeat the protection afforded by aircraft
survivability equipment (ASE), armor, or threat warning devices. The solution to
surviving such an encounter may depend upon the extent of the maneuvering
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performance envelope available to elude or out-maneuver the threat or if necessary, to
bring self-defense weapons to bear to defeat the threat.

For the air combat maneuver (ACM) rotorcraft, maneuvering performance equals
maneuverability plus agility. Maneuverability may be measured in terms of turn rate,
climb rate, acceleration, and load factor; agility is addressed in terms of damping, pilot
workload, aircraft positioning precision, and time to maneuver.

The AACT program consisted of a series of engineering flight tests conducted by the
AATD which placed various Army fleet "mainstay," as well as state-of-the-art, helicopters
in a one-on-one ACM environment. The tests simulated the air-to-air combat that would
result from gunnery encounters between two helicopters at a close range. Flown at the
Patuxent River Naval Air Test Center, Maryland (Figurc 1), the tests were structured to
evaluate the M&A of the participating aircraft, to establish an engineering data base for
understanding the contribution of key design parameters to ACM, and to develop M&A
requirements for future helicopters designed for the air-to-air mission. These tests were
not designed to formulate tactics and were not purely a comparison of one aircraft
against another to determine a "winner."

The first test, AACT I, was flown in April 1983 using a Bell OH-58A "Kiowa" and a Bell
AH-1S (PROD) "Cobra" aircraft. The objective of AACT I was to develop and validate
techniques for airborne instrumentation, aircraft ACM radar-tracking, data processing,
and evasive maneuvering. AACT I was also intended to show that tests of this nature
could be safely performed and meaningful engineering data could be collected.

The second test, AACT I[, was flown in July 1983 using three aircraft: a Sikorsky UH-
60A "Blackhawk", a Sikorsky S-76 (armed utility version, also known as AUH-76), and
a Bell OH-58A. The primary objective of AACT II was to establish a data base on
maneuvering performance of helicopters with different design characteristics. Other
specific objectives included indication of rotorcraft maneuverability advantages,
quantitative indication of laser versus radar tracking accuracy, implementation of
established data analysis procedures, incorporation of Marine Air Weapons and Tactics
Squadron (MAWTS) evasive maneuvering (EVM) techniques, and compilation of data for
maneuver simulation software validation.

The third test, AACT III, was flown in December 1984 using four aircraft: a McDonnell
Douglas 530 (formerly Hughes H-530), a Bell OH-58A, a Bell AH-IS (MOD), and a
Messerschmidt Bolkow-Biohm (MBB) BK-117. The purpose of AACT III was to expand
the one-on-one data base, refine the flight test methodology, obtain teetering rotor
flapping spectrum data, and obtain gun firing opportunity data via laser weapons
simulators (LWSs)(fixed forward gun only).

AACT IV is the latest in this series of tests and was flown in April 1987. Close-in "fights"
were simulated with fixed and turreted guns emulated by an LWS as well as long-range
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and short-range encounters involving a helicopter equipped with a Stinger captive flight
trainer missile. The AACT IV objectives are discussed in detail in the following section.

The aircraft used in the AACT program and the total flight time on the data range for the
individual tests are as follows:

AACT I (April 1983) 4.5 hours
OH-58A
AH-1S (Bell metal blades)

AACT II (July 1983) 12.0 hours
OH-58A
AUH-76
UH-60A

AACT III (November 1984) 15.0 hours
OH-58A
AH-1S (Kaman composite blades)
HHI 530MD
MBB BK-117

AACT IV (April 1987) 22.0 hours
AH-1S (Bell metal blades)
AH-64A
BHT 406 CS
SA-365N-1

The OH-58A was initially the baseline or common aircraft for each test; however, after
AACT 11 the AH-1S was designated the baseline aircraft. AACT IV consisted of the AH-
64A Apache, AH-1S Cobra, Bell 406 Combat Scout (CS), and Aerospatiale SA-365N-1
Dauphin. Several unique systems were used on the AACT IV aircraft. A new LWS was
employed on the Cobra, Combat Scout, and Dauphin. A laser system similar to that used
by the BK-117 and H-530 in AACT III was installed on the Apache. In the previous
AACTs, only grease pencil cross-hairs on the wind screen were used. For AACT IV, an
electromagnetic helmet-mounted sight (HMS) was installed in both the 406 CS and the
AH-1S. This system was intended to direct the turrets on these aircraft. A heads-up
display (HUD) unit was integrated with the laser system on the Dauphin while a similar
pilot .J'play unit (PDU) was used on the 406 CS for the Stinger missile captive flight
train - flights. The Apache employed the existing onboard fire control system and
inte6rated the LWS with this system.
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TEST OBJECTIVE

The objective of AACT IV was to complete the airframe M&A data base created by AACTs
I, II, and III by introducing current state-of-the-art aircraft. Specific objectives were:

1. To further refine the flight test methodology.

2. To assess the ACM attributes of the AH-1S, the SA-365N-1, the 406 CS, and
the AH-64A.

3. To measure the ACM effectiveness of the AH-64A "manual" Integrated Helmet
and Display Sight System (IHADSS) versus the "auto" Target Acquisition and
Designation System (TADS).

4. To obtain flapping spectrum data in air-to-air engagements for the AH-1S
helicopter with hub spring.

5. To obtain both fixed (with HUD) and turreted (with HMS) gun firing
opportunity data, including aiming and hit/miss error data as well as aircraft
pointing and positioning data via LWSs.

6. To measure helicopter maneuvering conditions during simulated air-to-air
missile target acquisition, tracking, and launch.

7. To document the effects of ACMs on structural loads.

8. To identify the ACM performance attributes of the Fenestron fan-in-fin
directional control device.

9. To explore basic single-ship M&A performance capabilities of the SA-365N-1,
the 406 CS, and the AH-64A.

This flight investigation was conducted in accordance with appropriate airworthiness and
safety-of-flight releases for the subject aircraft and with an approved AACT IV Flight Test
Plan.3
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DESCRIPTION OF TEST AIRCRAFT

The four aircraft flown during the AACT IV were the AH-1-S, AH-64A, SA-365N-1, and
406 CS. Detailed descriptions of the test aircraft external and internal configuration
elements peculiar to the AACT are contained in Appendix A. Each aircraft as configured
for the test is described below.

The AH-1S (Figure 2) is a U.S. Army attack helicopter (designated JAH-1F as modified
for flight test). The aircraft used in this test, tail number 76-22600 (Figure 3), was
equipped with the Bell 540 rotor blades and was assigned to the AATD. Bell Helicopter
Textron Inc. (BHTI) instrumented the aircraft and AATD provided the instrumentation
data recording package and the flight test support team. The AH-1S is described in detail
in the Operator's Manual.4 The aircraft was instrumented for handling qualities and
performance parameters via pulse code modulation (PCM) data recording and telemetry
as well as for structural loads parameters. Special modifications included an
electromagnetic HMS (replacing the production Helmet Sight Subsystem (HSS)), an eye-
safe LWS on the 20mm gun turret, laser reflectors on both wing tips, a hub spring,
cockpit aural and visual main rotor flapping angle and low "g" indicators, a collective
stick shaker, external video fixed and turreted "gun" cameras, a video monitor in the
copilot station, "puffed chcek" ammo (instrumentation) bay doors, and a transponder for
radar space positioning. The standard HUD and telescopic sighting unit (TSU) were on
board but not operational. Grease pencil aiming pippers on the HUD glass provided
target sighting alignment for the LWS in the fixed gun mode.

The AH-64A (Figure 4) is a U.S. Army attack helicopter. The vehicle used in this test
was aircraft PV 02, tail number 82-23356 (Figure 5). The aircraft was loaned to AATD
by the AH-64A Project Manager's Office for use in this test. McDonnell Douglas
Helicopter Company (MDHC) provided the flight crew and flight test support team and
served as the contractor to AATD for the instrumentation package. This aircraft is
described in detail in the Operator's Manual.5 The AH-64A was instrumented for
handling qualities, performance, and structural loads data. The aircraft had external
dummy stores and was fitted with an eye-safe LWS in place of the 30mm turreted gun.
The aircraft was also equipped with internal (cockpit) and external cameras plus laser
reflectors on both wing tips, and a transponder for radar space positioning. The IHADSS
and TADS were employed for turreted gun aiming, while a fixed forward reticle on the
helmet-mounted display (HMD) as well as grease pencil cross-hairs on the cockpit blast
shield and forward canopy panel were explored for rudimentary fixed gun sighting of the
LWS. Also, the pilot station instrumentation panel side glare shields were removed for
better out-of-cockpit visibility.

The SA-365N-1 (Figure 6) is a commercial aircraft manufactured by Aerospatiale
Helicopter Company (AHC) of France. The aircraft used, serial number 6011 (Figure 7),
was leased from AHC, Grand Prairie, Texas, with funds supplied by the U.S. Amly

5



Foreign Science and Technology Center (FSTC). AATD installed the data recorder
package and operated the aircraft. The SA-365N-1 was equipped with a flying qualities
and performance PCM package and an abbreviated structural loads package. The aircraft
is described in detail in the Flight Manual.6 The aircraft was modified to include an eye-
safe LWS (fixed forward only), laser reflectors on both sides and on the bottom of the
fuselage, a HUD unit at the pilot's station for fixed gun aiming, an external video "gun"
camera, ballast containers, a video monitor in the copilot's station, and a radar
transponder.

The 406 CS flown in this test was serial number 2500, tail number N2500B (Figures 8
and 9). The aircraft was manufactured, provided, and supI.orted by BHTI. This aircraft
is described in detail in the experimental 406 CS Flight Manual.' It was instrumented
with a flying qualities and performance PCM and structural loads package. The aircraft
was equipped with a turreted eye-safe LWS, laser reflectors on both sides of the pylon
and bottom of the fuselage, an air-to-air Stinger captive flight trainer missile, a HUD unit
(for missile only), an electromagnetic HMS system, external video cameras, and a radar
transponder. A single grease pencil pipper on the pilot's windscreen provided for
rudimentary fixed gun alignment. (Note: Integration malfunction between the helmet
sight system and the turret prevented use of the "gun" in the fully turreted mode.)
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ACM TESTING

SCOPE

The ACM testing was conducted at the Patuxent River Naval Ahi Test Center (NATC),
Maryland, between 22 March and 30 April 1987. Three basic types of maneuver
scenarios were performed by the participating helicopters: single aircraft agility
maneuvers, dual aircraft structured engagements (as per FM 1-107), and dual aircraft
free engagements.

The single aircraft agility maneuvers were performed in order to accomplish two
objectives: to acquire data for validation of the Maneuver Criteria Evaluation Program
(MCEP) 8 and other similar simulation codes, and to document basic aircraft M&A
characteristics. The maneuvers devised to assess vehicle M&A consisted primarily of:

1. Longitudinal and lateral acceleration/deceleration
2. Rearward acceleration
3. Climb/descent
4. Turn at constant airspeed and altitude
5. Control step inputs
6. Roll reversal
7. Return to target
8. Pull-ups and pushovers

The dual aircraft structured engagements were one-on-one warm-up maneuvers based
on the training guidelines given in the Army Air-to-Air Combat Field Manual.1 These
prescribed or "canned" one-on-one engagements were of a structured format with one
attacker aircraft versus one "passive" bogey aircraft. These engagements served to
familiarize each flight crew -with the mobility characteristics of the other aircraft as well
as to condition or "calibrate" the crews for operating their aircraft in close proximity
with another vehicle prior to commencement of the free engagements. The one-on-one
training/buildup flights also served to refine the flight cards subsequently used in the free
engagement data flights. The warm-up maneuvers consisted of:

1. Tail chase, including high yo-yo, low yo-yo, and horizontal scissors
2. Head-to-head passes, including level turns, wingovers, and pop turns

(climbing turns)

The dual aircraft free engagements were performed from given initial conditions of
airspeed, altitude, and relative heading with respect to the other aircraft. Once the initial
conditions were satisfied and mutual aircraft visual sightings were confirmed, the
engagement began with each aircraft free to maneuver to gain or maintain an
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advantageous position. The free engagement was discontinued below 500 feet and/or
when both crews lost sight of each other. The initial setups included:

1- Abeam flyover (bogey at hover)
2. Tail chase
3. Head-to-head
4. Side-by-side

A limited number of Stinger air-to-air missile (captive flight trainer) engagements were
conducted to record launch platform (406 CS) maaeuver data and missile lock-on
capability for targets (AH-1S, AH-64A, and SA-365N-1) at various ranges, aspects
(relative headings), and levels of evasive maneuvering aggressiveness, including non-
jinking, defensive jinking, and free offensive jinking. Due to the classified nature of the
data, the results are not discussed in this report.

The AACT IV team, consisting of those participant agencies given in Appendix B,
completed 18 data flights. These flights consisted of 11 ACM flights, 3 air-to-air Stinger
(ATAS) flights, and 4 single-aircraft performance and agility flights. Seven of the ACM
flights involved off-axis or turreted "firing" from one or both of the combatants. While
the total NATC on-site flight hours (including instrumentation and maintenance check
flights, maneuver familiarization flights, and data flights) for all AACT IV aircraft
amounted to nearly 87 hours, the total productive flight time for the 18 data flights was
approximately 22 hours. Numerous additional flight hours were accumulated by each
of the AACT IV aircraft during training, envelope expansion, and instrumentation check
flights prior to arrival at the Patuxent River NATC. For example, a total of 212 flight
hours was recorded for the SA-365N-1 during the AACT IV buildup, test, and post-test
periods.

The number of agility maneuvers and free engagements flown by each aircraft during
AACT IV is listed in Table 1. This table also shows the one-on-one aircraft combinations
flown during these tests. As seen, the 406 CS did not fly ACM gun engagements against
the AH-1S or the SA-365N-1 due to the early but necessary departure of the 406 CS from
Patuxent River to meet other BHTI project conunitments.

METHOD

The AACT IV engagements were flown under day visual conditions with each aircraft at
a near common fraction (95%) of aircraft maximum gross weight. (Note: The AH-64A
was flown at 92% maximum alternate gross weight and the SA-365N-1 was erroneously
flown at 87% maximum gross weight early in the program. The SA-365N-1 was
corrected via ballast to 95% maximum alternate gross weight for the majority of the data
flights.) Each one-on-one flight commenced with a period of prebriefed warm-up
maneuvers. All of the "gun" engagements were initiated at separation ranges of 1500
feet or less and conducted between the altitudes of 500 and 2000 feet. A minimum
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